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TECHNICAL PROBLEM

High-frequency P and S are generally the most prominent phasesn n

recorded at mid-Pacific sites from circum-Pacific earthquakes within

approximately 400 epicentral distance. Interest in the characteristics o,

these phases as a possible discriminant between explosions and earthquak,-s

in the Kamchatka-Kuriles region resulted in an AFOSR contract with the

University of Hawaii's Hawaii Institute of Geophysics (BIIG), where restar h

on these phases had been ongoing for several years. Objectives of this

contract were to relate characteristics of the high-frequency P n,Sn coda with

focal depth, source functions and path parameters. A further objective.which

developed during the first year of this contract was to explore the capi-

bility of the hydrophone array located near Wake Island as a detector and

discriminator of e-plosions at epicentral distances between 600 and 90'

(the range of most existing Russian test sites) using the mantle-refract'.]

P phase.

DATA BASE

During the first year of the project, existing data in several forms

and from several sites was used to examine probable parameters influencine

the generation and propagation of high-frequency PnSn phases. Some

results from these studies were reported in last year's technical report,

have been published or are in press (1, 2, and 3). In July 1979, under

the joint sponsorship of AFOSR and ONR-Earth Physics the hydrophone arrdv

at Wake Island was reactivated, and continuous tape recording of thret e,

the sixteen available hydrophones began. The earthquake and explosion d it.

collected using this system was intended to form the primary data base i,,
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carrying out our objectives. This system has proven reliable, and as of

January 1, 1981 nearly eighteen months of data had been collected.

The Wake tapes probably contain the largest suite of tape recordcd

P ,S phases from a single site ever assembled. With this data many

aspects of high frequency P n,Sn phases are being examined in greater

detail than ever before. These tapes also contain recordings of mantle-

refracted P from at least 18 nuclear explosions at Russian test sites as

well as from several shallow-- cus earthquakes at approximately the samte

distance range. These phases form the basis for developing possible

discriminate techniques at Wake.

EVALUATION OF THE WAKE RECORDING SYSTEM

A slow speed, gain ranging, 4 channel cassette recording system has

now been in operation at Wake for nearly 18 months. This system conti-

nuously records three data channels and a time code channel at the rate e.

one cassette tape per week. There have been both advantages and disadvarages

in using this type of recording system.

I. Advantages

A. Reliability

The only serious problem to develop thus far has been a

malfunction in a gain controlled amplifier causing loss of data en

one of the three data channels. Otherwise this remote recordin,

system has proven to be extraordinarily reliable. Three key facto.'rs

are responsible.

1. Existing technology and experience accumulated at 111C throu)'

the development of ocean bottom seismometer recording equipr.nt

was incorporated Into this Instrument.



3

2. The recording package at Wake is housed in an air-conditioned,

positive pressure environment--an essential for electronic

equipment at Island sites.

3. A reliable support group at Wake, with the resources necessar::

to maintain both the instrument (effecting minor repairs when

necessary) and its environment has been available.

B. Compact Data Format

Eighteen months of data are stored on approximately 75

cassette tapes which take up less than a cubic foot of space and

are kept in a fireproof safe at HIG.

C. Simplicity of Operation

The operation, at Wake, of the recording system--changing

batteries and tapes, making time corrections, and mailing the

recorded tapes to HIG--consumes less than 3 hours per week.

The only supplies required, batteries, tapes and mailing

envelopes, are sent to Wake from HIG roughly every six months.

Very little effort outside of these normal operations has been

necessary to keep the system running smoothly.

II. Disadvantages

A. Frequency Spreading

One disadvantage of the Wake slow speed analog recording

system is the somewhat questionable fidelity of the recorded sinAl.

Instabilities in the frequency domain caused by minute variation

in the recording speed of the tape are exaggerated at slow speeds.

These variations are partly reduced during digitization--by

synchronizing the digitization rate with the recorded time codc.
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However, a study using recorded calibration signals indicate that

a narrow band recorded signal may still be somewhat spread out after

digitization as shown in Figure 1. In general, the magnitude of

this effect was found to be down by more than 24 db at one octave

away from the peak frequency of the signal.

B. Tntermodulation Distortion

A common problem in most analog tape recording systems is

intermodulation distortion, that is the non-linear mixing of two

frequencies to produce a third frequency. This effect has not b,,n

evaluated for the Wake system.

C. Tape Skew

An important potential advantage of the Wake hydrophone

installation is that it is a matched array. This makes it extre:: 1c-

useful for studies which compare the signals from one event on

different hydrophones, provided that an accurate method of timing

is used. Although our cassette recording system does record thrc,'

data channels simultaneously with a very precise 10 Hz time code,

the extremely slow tape speed exaggerates errors in alignment

between the record and playback tape heads. Although adjustmvnt

are made during playback to minimize this effect, random timino

errors of a 0.1 seconds between channels are not uncommon. Errors

of this magnitude are not acceptable since they represent a quart,'r

wavelength of a incoming signal at 2 liz (the dominant frequency oi

nuclear shots thus far recorded).
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Figure 1. Spectrum of the played back signal which was recorded as a 10 11z
sine wave on the Wake slow speed cassette system. Note the
spreading of frequency in this signal caused by small fluctuiations

,in the recording speed.
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